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(54) Optical device structure and fabrication method thereof 



(57) An optical device structure includes a first sub- 
strate structure and a second substrate structure. The 
first substrate structure includes a first substrate (11. 
41 1), at least an active region (17, 217, 415) formed on 
the first substrate (11. 41 1), and at least a first electric 
connector portion (27, 31, 101, 105, 223, 305, 423, 425, 
427) provided corresponding to the active region (17, 
217, 415) for injecting a current into or applying a volt- 
age to the active region (1 7, 21 7, 41 5). The second sub- 
strate structure includes a second substrate (51, 351), 
and at least a second electric connector portion (55, 
355, 453, 455, 457) formed on the second substrate 



(51, 351) corresponding to the first electric connector 
portion (27, 31 , 101 , 105, 223. 305, 423, 425, 427). The 
first and second substrates (11, 51, 351, 411) are 
bonded to each other using an anisotropic electrically- 
conductive adhesive (57, 59) containing electrically- 
conductive particles (59) and having an elctrically-con- 
ductive characteristic only in a direction perpendicular 
to the first and second substrates, such that the corre- 
sponding first and second electric connector portions on 
the first and second substrates are electrically con- 
nected to each other. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an optical 
device structure including an optical device, such as a 
light emitting semiconductor device, a light detecting 
semiconductor device and a surface emitting semicon- 
ductor laser, typically a vertical cavity surface emitting 
laser (VCSEL), whose thermal radiation characteristic 
is prominent and which is suitable for use in a two- 
dimensional array structure, for example, and its fabri- 
cation method. 

Related Background Art 

[0002] Recently, development of a solid-state light 
emittiing laser device of a two-dimensional array type 
has been desired for the purpose of its applications to 
large-capacity parallel optical information processing, 
high-speed optical connection and panel-type display 
apparatus. As a light emitting device suitable for the 
arraying, the VCSEL has been watched with keen inter- 
est and studied. The VCSEL normally includes a Fabry- 
Perot cavity with upper and lower reflection mirrors and 
a cavity length of several rnicrons. To achieve a low 
threshold, such a reflection mirror as has small absorp- 
tivity for oscillation wavelength and has a high reflect- 
ance, is required. For this purpose, the mirror is 
normally comprised of a multi-layer structure of alter- 
nately layered layers of two kinds with different refrac- 
tive indices and a thickness of a quarter of the 
oscillation wavelength. 

[0003] Surface emitting semiconductor lasers with a 
variety of oscillation wavelengths can be fabricated by 
selecting semiconductor material according to the 
wavelength. Among them, surface emitting semicon- 
ductor lasers of GaAs series with oscillation wave- 
lengths of 0.85 urn and 0.98 jim and of InP series with 
oscillation wavelengths of 1.3 pm and 1.55 pm are well 
known. 

[0004] In the case of GaAs series, a multi-layer of 
AIAs/(AI)GaAs is generally used as mirror because this 
can be epitaxial ly grown on a GaAs substrate. On the 
other hand, in the case of InP series, since an index dif- 
ference between InGaAsP and InP, which can be epHax- 
ially grown on an InP substrate, is small and a high 
reflectance is hence difficult to obtain, materials other 
than InGaAsP/lnP, such as SiO^/Si multi-layer and an 
AlgCVSi multi-layer, is used. 
[0005] Further, the following method is known: to sem- 
iconductor layers including an active layer grown on an 
InP substrate, a multi-layer of AIAs/(AI)GaAs grown on 
another GaAs substrate is bonded. 
[0006] As a method for providing an electrode leader 
structure in arrayed surface mitting semiconductor 



lasers, there exists a method in which an electrode- 
leader pattern is cfirectly formed on the surface of the 
surface emitting semiconductor lasers. There has also 
been proposed a method in which a leader wire pattern 

5 is formed on a substrate other than a growth substrate 
and the laser substrate is bonded to the other substrate. 
[0007] For example, Japanese Patent Laid-Open No. 
7-283486 (published in 1995) discloses a technique 
according to which an electrode 530 on an AIN sub- 

io strate 551 with an electronic circuit (not shown) is elec- 
trically connected to an electrode 530 on a surface of a 
surface emitting semiconductor laser formed on an 
AIGaAs substrate 51 1 by using solder bumps 557, as 
illustrated in Fig. 1. If needed, surroundings of the sol- 

is der bumps may be buried with resin. The surface emit- 
ting semiconductor laser includes a light emitting layer 
518 sandwiched between mirrors 529 and 563 and sur- 
rounded by polyirrtde 523. 

[0008] As another example, Japanese Patent Laid- 

20 Open No. 8-153935 (published in 1996) cfiscfoses a 
technique according to which an electrode 630 on a 
substrate 651 (a second substrate) with an electric 
leader wire is directly bonded to an electrode 630 on a 
surface of a surface emitting semiconductor laser 

25 formed on a first substrate 611 and surroundings of the 
electrodes 630 are buried and set with resin 657, as 
illustrated in Fig. 2. The surface emitting semiconductor 
laser includes a buffer layer 615 and a light emitting 
layer 618 sandwiched by mirrors 629 and 663. 

30 [0009] However, where the electrode leader wire pat- 
tern is directly formed on the surface emitting semicon- 
ductor laser, a use efficiency of a laser wafer is lowered 
and its cost increases since an electrode pad is needed 
around the laser region. 

35 [0010] Further, where the leader wire pattern is 
formed on another substrate and the another substrate 
is bonded to the laser substrate, for example, in the 
case of the electrode leader structure using solder 
bumps illustrated in Fig. 1, the interval between the 

40 active layer and the substrate with the electric leader 
wire is determined by the diameter of the bump which 
ranges from several tens microns to a hundred microns 
(that is, the interval cannot be less than the diameter of 
the bump). Thus, its thermal radiation characteristic is 

45 not satisfactory. Additionally, since a multiplicity of sol- 
der bumps must be placed on determined positions, its 
fabrication process inevitably becomes complicated. 
[0011] Where the electrode on the substrate with the 
electric leader wire thereon is directly bonded to the 

so electrode on the surface of the surface emitting semi- 
conductor laser and surroundings thereof is set with the 
resin as illustrated in Fig. 2, the interval between the 
active layer and the substrate (second substrate) with 
the electric wire thereon can be reduced, compared to 

55 the case of Fig. 1. An electric resistance, however, 
increases due to the resin inserted between the upper 
and lower electrodes, and those electrodes will be insu- 
lated from each other in th worst case. Thus, the yield 
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is impaired. Further, such a structur is vulnerable to its 
surface conditions. If insulating dusts are on the surface 
or the surface is covered with an oxidized f Dm, it is diffi- 
cult to achieve a preferable electric contact 
[001 2] Further, with the surface emitting semiconduc- s 
tor laser, th substrate should be removed depending 
on the relation between semiconductor material and 
oscillation wavelength. For example, where a surface 
emitting semiconductor laser for emitting an oscillation 
wavelength of 0.85 um uses a GaAs substrate, the sub- 
strate needs to be removed to take light from the sub- 
strate side as the GaAs substrate is opaque to the 
oscillation wavelength. 

[001 3] As another example, where a surface emitting 
semiconductor laser for emitting an oscillation wave- 
length of 1 .3 jim or 1 .55 urn using an InP substrate, it is 
necessary to deposit a multi-layer mirror of dielectrics 
after removing the InP substrate. For this purpose, pres- 
ently the semiconductor substrate is etched in the form 
of a hole in accordance with a light emitting region of the 
surface emrtting semiconductor laser. Such a hole-etch- 
ing is difficult to carry out with good reproducibility. Fur- 
ther, the hole-etching for each semiconductor laser is 
likely to be a factor for preventing a high-density config- 
uration in the case of the arrayed semiconductor lasers. 
Moreover, it is also difficult to form a multi-layer, such as 
SiCySi mufti-layer and A^O^Si multi-layer, in the hole 
with good reproducibility, leading to a decrease in the 
yield. 

[0014] Also with the cases of Figs. 1 and 2, the sub- 
strate needs to be removed depending on the relation 
between semiconductor material and wavelength (in the 
case of Fig. 1, although the AIGaAs substrate, which is 
transparent to the oscillation wavelength, is used to 
make the substrate removal unnecessary, such an 
AIGaAs substrate is not generality used and its cost is 
high). In those cases, the following problem occurs, ft 
can be considered that after the laser substrate is 
bonded to the substrate with the electrode thereon, all 
the laser substrate (semiconductor substrate) is ao 
removed with the electrode substrate acting as a sup- 
port substrata In those cases, the overall removal of the 
semiconductor substrate is, however, not taken into 
consideration. Specifically, the problem occurs that 
stresses are applied to the active layer due to thermal 45 
expansion and the like when the layer thickness after 
the removal comes to be several microns, and hence 
the oscillation threshold increases and the efficiency 
decreases. 

so 

SUMMARY OF THE INVENTION 

[001 5] An object of the present invention is to provide 
an optical device structure, such as a VCSEL structure, 
whose thermal radiation characteristic is excellent and ss 
which can be readily fabricated, and its fabrication 
method. 

[0016] An optical device structure for achieving the 



object of th present invention includes a first substrate 
structure and a second substrate structure. The first 
substrate structure includes a first substrate, at least an 
actrv region formed on th first substrate, and at least 
a first electric connector portion provided corresponding 
to the activ region for injecting a current into or apply- 
ing a voltage to the active region. The second substrate 
structure includes a second substrate, and at least a 
second electric connector portion formed on the second 
substrate each corresponding to the first electric con- 
nector portion. The first and second substrates are 
bonded to each other by an anisotropic electrically-con- 
ductive acftiesive containing electrically-conductive par- 
ticles and having an elctrically-conductive characteristic 
only in a direction perpendicular to the first and second 
substrates, such that the corresponding first and sec- 
ond electric connector portions on the first and second 
substrates are electrically connected to each other. In 
such a structure, an interval between an active layer in 
the active region and the second substrate structure 
can be reduced, so that heat generated in the active 
layer can be effectively radiated towards a side of the 
second substrate structura 

[001 7] Based on the above fundamental structure, fol- 
lowing specific structures are possible with following 
technical advantages. 

[0018] The second substrate structure may further 
include at least one of an electric leader wire and an 
electronic circuit formed on the second substrate and 
connected to the second electric connector portion. 
[TJ019] The first and second electric connector por- 
tions may include an electrode formed on a surface of 
each of the first and second substrates, and an upper- 
most surface of the electrode may protrude from other 
portion of at least one of the first and second substrates 
such that an interval between the electrodes on the first 
and second substrates is smaller than an interval 
between the other portions on the first and second sub- 
strates. According to this structure, an electric contact 
between the first and second electric connector portions 
can be assuredly established, and the yield can be fur- 
ther improved. 

[0020] The uppermost surface of the electrode may 
protrude from the other portion of at least one of the first 
and second substrates such that the interval between 
the other portions on the first and second substrates is 
far larger than a diameter of the electrically-conductive 
particle. According to this structure, an electric contact 
between the other portions on the first and second sub- 
strates can be assuredly prevented, and the yield can 
be further improved. 

[0021] An insulating layer may be provided on at least 
one of the first and second substrates except for regions 
of the first and second electric connector portions. Also 
in this structure, an electric contact between the other 
portions on the first and second substrates can be 
assuredly prevented, and the yield can be further 
improved. 



15 



20 



25 



30 



3 



5 



EP0905 833A2 



6 



[0022] The active region may comprise a light emitting 
region, a light receiving region, or the like. 
[0023] When the active region is a light emitting 
region, the first substrate structure may include a first 
multi-layer mirror, eprtaxially-grcwn semiconductor lay- 
ers including an active layer, and a second multi-layer 
mirror to construct a surface emitting semiconductor 
laser for emitting light from a side of the first substrate. 
[0024] At least a portion (ex., all or almost all) of the 
first substrate may be removed. With this structure, the 
first substrate can be removed without the hole-etching 
for each active region, so the fabrication method can be 
simplified and the productivity can be enhanced. Fur- 
ther, the device structure can be stably built and light 
can be readily output or input from the side of the first 
substrate (the growth substrate), so that the arraying of 
the optical devices can be readily achieved. 
[0025] An area of the first electric connector portion 
may be larger than an area of the active region. With 
this structure, transfer of stresses generated by shrink- 
age, thermal expansion and the like of the adhesive to 
the optical region is made difficult. Therefore, character- 
istics of the optical device would not be injured even 
when the (powth substrate is removed. 
[0026] The active region may include a first protruding 
portion with a first multi-layer mirror and an electrode of 
the first electric connector portion, and an area of the 
first mufti-layer mirror may be far larger than an area of 
an active layer formed in the active region. Also with this 
structure, transfer of stresses generated by shrinkage, 
thermal expansion and the like of the adhesive to the 
optical region is made difficult 
[0027] The first substrate structure may include a first 
protruding portion with the first electric connector por- 
tion formed corresponding to the active region and a 
s cond protruding portion formed near the active 
region, a height of the first protruding portion may be 
larger than a height of the second protruding portion, 
the first protruding portion may be electrically con- 
nected to the second electric connector portion through 
the f irst electric connector portion, and the second pro- 
truding portion may be insulated from the second elec- 
tric connector portion. Also with this structure, 
characteristics of the optical device would not be injured 
even when the growth substrate is removed. In this 
structure, the first protruding portion may include a 
multi-layer mirror and an electrode of the first electric 
connector portion, and the second protruding portion 
may also include a multi-layer mirror. 
[0028] The first substrate structure may include a first 
protruding portion with the first electric connector por- 
tion formed corresponding to the active region and a 
s cond protrucfing portion with the first electric connec- 
tor portion formed near the active region, a height of the 
first protruding portion may be substantially equal to a 
height of th second protruding portion, the first protrud- 
ing portion may be electrically connected to the second 
electric connector portion through the first electric con- 



nector portion, and the second protrucfing portion may 
also be electrically connected to the second electric 
connector portion through th first electric connector 
portion. With this structure, both electrodes of the active 

5 region can be taken from the same side of the sub- 
strate, so the electric wiring can be simplified and the 
productivity can be enhanced. Further, also in this struc- 
ture, transfer of stresses generated by shrinkage, ther- 
mal expansion and the like of the adhesive to the optical 

10 region is made difficult In this structure, each of the first 
protruding portion and the second protruding portion 
may include a mufti-layer mirror and an electrode of the 
first electric connector portion. Such a structure can be 
readily fabricated. 

15 [0029] All or almost all of the first substrate may be 
removed, and a second murti-layer mirror may be 
formed on a semiconductor surface exposed by the 
removal of the first substrate. With this structure, no lay- 
ering in an etched hole is needed, so that the layering of 

20 the mirror can be simplified and yield and productivity 
can be improved. In this structure, the second multi- 
layer mirror may be a dielectric murti-layer. 
[0030] The first substrate structure may further 
include first and second mufti-layer mirrors each com- 

25 prised of a semiconductor multi-layer epttaxially grown 
on the first substrate. With this structure, the murti-layer 
mirrors and semiconductor epitaxial layers can be con- 
tinuously laid down, so Hs fabrication process can be 
simplified. 

30 [0031 ] The active region may constitute an edge emit- 
ting semiconductor laser. 

[0032] The anisotropic electrically-conductive adhe- 
sive may be an insulating adhesive resin containing 
electrically-conductive particles. Further, the insulating 

35 adhesive resin may be one of thermosetting resin, ther- 
moplastic resin, and uttraviofet-ray^setting resin. Moreo- 
ver, the anisotropic electrically-conductive adhesive 
may be an adhesive paste, or an adhesive sheet. With 
those structures, an anisotropic electric connection can 

40 be achieved under a compressive pressure with the 
application of heat or ultraviolet ray. Further, where the 
thermoplastic resin is used as the insulating resin, a 
repair (when the positional deviation of the electrode 
exists after the bonding, the structures can be used 

45 again by reheating and melting the adhesive to pull 
apart the structures and clensing them with solvent) is 
possible and the productivity can be improved. 
[0033] The second substrate may be made of a mate- 
rial having a large thermal corxiijctivity. Thermal racfia- 

50 tion of the structure can be further facilitated. 

[0034] A fabrication method of an optical device struc- 
ture for achieving the object of the present invention 
includes a step of eprtaxially growing layers including an 
active layer on a first substrate, a step of forming at least 

55 an active region and at least a first electric connector 
portion provided corresponding to th active region for 
injecting a current into or applying a voltage to the active 
region on the first substrat and constructing a first sur> 
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strate structure, a step of forming at least a second elec- 
tric connector portion on a second substrate 
corresponding to the first electric connector portion and 
constructing a second substrate structure, and a step of 
bonding the first and second substrates to each other 
using an anisotropic electrically-conductive adhesive 
containing electrically-conductive particles and having 
an Metrically-conductive characteristic only in a direc- 
tion perpendicular to the first and second substrates, 
such that the corresponding first and second electric 
connector portions on the first and second substrates 
are electrically connected to each other. 
[0035] The principle of the present invention will be 
descrbed using an example. In an optical device struc- 
ture, such as a light emitting device structure and a light 
receiving device structure, of the present invention lor 
achieving the object, a first substrate structure with at 
least an optical device, such as VCSEL, formed thereon 
is bonded to a second substrate structure with at least 
an electric connector portion (which may include an 
electric leader wire, an electronic circuit, or the like) 
formed thereon by using a so-called anisotropic electri- 
cally-conductive adhesive, such that predetermined 
portions of the first and second substrate structures are 
electrically connected to each other. 
[0036] In a surface emitting semiconductor laser 
structure as illustrated in Fig. 3. the first substrate struc- 
ture includes a first substrate of an InP substrate, semi- 
conductor layers with an active layer epitaxial ty grown 
on the first substrate, and a polyimide or the like put in 
an annularly-etched portion formed around a fight emit- 
ting region of the semiconductor layer. Further, a portion 
other than the light emitting region is covered with an 
insulating layer of SiN x or the like, an electrode with a 
window is deposited on the light emitting region, and a 
contact layer in the window is removed. A dielectric 
multi-layer mirror is then formed by a RF sputtering 
method or the like, and the mirror is covered with an 
electrode connected to the above electrode. 
[0037] The second substrate structure includes a sec- 
ond substrate of a Si substrate or the like, and an elec- 
trode formed on a thermally-oxidized layer formed on a 
surface of the first substrate. This electrode may be con- 
nected to an electric leader wire with a pad, for example. 
[0038] The anisotropic electrically-conductive adhe- 
sive is put on the second substrate structure, and the 
first and second substrate structures are bonded under 
a pressura Here, those substrate structures are aligned 
such that their electrodes are connected to eahc other. 
[0039] The anisotropic electrically-conductive adhe- 
sive is disclosed in Japanese Patent Application Laid- 
Open Nos. 62-260877 and 62-165886 (1987), and it is 
made of insulating adhesive resin containing therein 
electrically-conductive particles. The insulating adhe- 
sive resin is thermosetting resin, thermoplastic resin, or 
urtraviolet-ray-setting resin. Th conductive particle is, 
for example, a plastic particle coated with gold (Au), or 
a metal (Ni or the like) particl coated with gold. Though 



it depend es on its use, the resin normally contains the 
conductive particles at a volume ratio from 0.1 % to 10 
%. A paste type applicable by printing or the like (trade 
name TG 90001 produced by Hysol Limited, for exam- 
5 pie) and a sheet type (trade name FC-100 produced by 
Hitachi-Chemical Co., for example) are commercially 
available. 

[0040] When the anisotropic electrically-conductive 
adhesive is put between two substrates and compres- 

w sive pressure and heat are applied thereto, the following 
occurs in a portion between the electrodes. The con- 
ductive particles are deformed and brought into a close 
contact with the electrodes to achieve an electric con- 
nection therebetween. This occurs in the case of rela- 

is tively soft particles such as plastic particles, and an 
electric resistance thereat is small due to an increase in 
the contact area. In another case, parts of the conduc- 
tive particles are pushed into the electrodes to achieve 
an electric connection therebetween. This occurs in the 

20 case of relatively hard particles such as Ni particles, 
and an electric connection thereat is assuredly estab- 
lished due to breaks in oxidized layers on the elec- 
trodes. 

[9041] In the other portions, the conductive particles 
25 are floating in the insulating resin, so that no electric 
connection is obtained. Thus, an anisotropic electric 
conductivity, in which an electric conduction is estab- 
lished in vertical directions while insulation is assured in 
horizontal directions, can be attained. 
30 [0042] An ordinary electrically-conductive adhesive, 
such as silver (Ag) paste, is also a combination of resin 
and electrically-conductive particles in most cases, but 
the resin generally contains the conductive particles at a 
volume ratio of about 80 %. Therefore, in those cases 
35 the electric conduction is also established in the hori- 
zontal directions, and the anisotropic electric conductiv- 
ity cannot be achieved. 

[0043] Diameters of the conductive particles are from 
about 1 fim to about 10 urn, and an appropriate one 

40 may be selected depending on the shape of the sub- 
strate to be bonded. When the particle having a diame- 
ter of 4 pm is selected, the interval between the first and 
second substrate structures comes to be less than 4 
pm. This value is one order smaller than that of the case 

45 using solder bumps (see Fig. 1 ) , so an excellent thermal 
radiation characteristic can be achieved. Further, com- 
pared to the case where the electrodes are directly con- 
nected and surroundings thereof are set with resin (see 
Fig. 2), the connection can be achieved without any 

so problem even if dusts and the like with about the same 
diameter as that of the particles exist. Thus, yield can be 
improved. Those hold true in the case of an ordinary 
edge emitting semiconductor laser, as well as a surface 
emitting semiconductor laser. 

55 [0044] Further, thermoplastic resin may be used as 
the insulating resin. In this case, even when the posi- 
tional deviation of the electrode exists after the bonding, 
the structures can be used again by re-heating and 
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melting the adhesive to pull apart th structures and 
clensing them with solvent Thus, the productivity can 
be improved. 

[0045] In the optical device structure of the present 
invention, since the second substrate can be used as a s 
support substrate, the first substrat of th first sub- 
strate structure can be readily removed without per- 
forming a partial hole-etching for each active region. 
Hence, especially in the surface emitting semiconductor 
laser, the yield can be improved and a-higrnJense w 
arraying can be realized. 

[0046] This will be described using Fig. 3. After the 
first substrate structure is bonded to the second sub- 
strate structure, almost overall the first substrate is 
removed using a selective wet etching or the like. After is 
the removal, the thickness of the semiconductor layers 
comes to be in a range from 1 um to several microns. In 
this situation, the size of the bonding portion or a portion 
of the multi-layer mirror is made larger than the diameter 
of the active region, so that transfer of stresses gener- 20 
ated by shrinkage, thermal expansion and the like of the 
resin to the optical region is made difficult. Therefore, 
characteristics of the optical device would not be injured 
even when the growth substrate is removed. 
[0047] The c5 electric multi-layer mirror is then formed 25 
on the semiconductor surface exposed by the removal 
of the substrate (this mirror can be omitted in the case 
of LED). In this case, such formation is equivalent to a 
deposition of the mirror on a flat substrate, so the yield 
can be improved compared to the case of a deposition 30 
thereof in a hole. 

[0048] These advantages and others will be more 
readily understood in connection with the following 
detailed description of the preferred embodiments in 
conjunction with the drawings. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] 

40 

Fig. 1 is a cross-sectional view illustrating the struc- 
ture of a first prior art light emitting device structure. 
Fig. 2 is a cross-sectional view illustrating the struc- 
ture of a second prior art light emitting device struc- 
ture. 45 
Fig. 3 is a cross-sectional view illustrating the struc- 
ture of a light emitting device structure of a first 
embodiment according to the present invention. 
Figs. 4A through 4H are respectively cross-sec- 
tional views illustrating fabrication steps of a first so 
substrate structure of the first embodiment. 
Figs. 5A through 5D are respectively cross-sec- 
tional views illustrating steps of bonding first and 
second substrate structures to each other in the 
first embodiment ss 
Fig. 6 is a cross-sectional view illustrating the struc- 
ture of a light emitting device structure of a second 
embodiment according to the present invention. 



Fig. 7 is a cross-sectional view illustrating the struc- 
ture of a light emitting device structure of a third 
embodiment according to the present invention. 
Fig. 8 is a cross-sectional view illustrating the struc- 
ture of a light emitting device structure of a fourth 
embodiment according to the present invention. 
Fig. 9 is a perspective view illustrating the structure 
of a light emitting device structure of a fifth embodi- 
ment according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0050] A first embodiment of the present invention will 
be descrbed with reference to Figs. 3, 4A-4H and 5A- 
5D. Fig. 1 depicts a cross section of an array structure 
of surface emitting semiconductor lasers of the first 
embodiment Figs. 4A-4H and 5A-5D illustrate fabrica- 
tion steps of the first embodiment 
[0051] Initially, a first substrate structure will be 
described referring to Figs. 4A-4H. As illustrated in Fig. 
4 A, an n-lnGaAs etching stop layer 13 having a thick- 
ness of 0.2 um, an n-lnP spacer layer 15 having a thick- 
ness of 2.0 11m, an undoped InGaAsP bulk active layer 
17 having a thickness of 0.7 \im and a bandgap wave- 
length of 1 .3 um, a p-lnP spacer layer 19 having a thick- 
ness of 1.0 um, and a p-fnGaAsP contact layer 21 
having a thickness of 0.2 um are grown on an n-lnP 
substrate 1 1 in the named order using a growth method, 
such as metal organized chemical vapor deposition 
(MOCVD), molecular beam epitaxy (MBE), or chemical 
beam epitaxy (CBE). 

[0052] A portion around each light emitting region is 
then etched in an annular shape using RIBE, for exam- 
ple, and the etched portion is buried with a polyimide 23 
(Figs. 4B and 4C). The light emitting region has a cylin- 
drical shape with a diameter of 20 um, and an outer 
diameter of the annular etched portion is 40 um, for 
example. Though not depicted in Figs. 4A-4H, the 
periphery of the active layer 17 may be selectively 
etched to a diameter of 15 um by using an etchant of 
sulfuric acid series, corresponding to an effective diam- 
eter of a multi-layer mirror to be formed later, before the 
etched portion is buried with the polyimide 23. 
[0053] After a portion outside the light emitting region 
is covered with a layer 25 of SiN x to obtain the insulation 
ever this portion, a p-electrode 27 of Cr/Au with a thick- 
ness of 0.5 um and a window of a 15-jim diameter is 
deposited and the contact layer 21 in the window is 
removed, as illustrated in Figs. 4D, 4E and 4R Then, a 
multi-layer mirror 29 of fyCySl with a thickness of 2.5 
um and a diameter of 100 um is formed, and the mirror 
29 is covered with an Au-electrode 31 having a thick- 
ness of 0.5 )im(s e Figs. 4G and 4H). The elctrode 31 
is electrically connected to the electrod 27. The forma- 
tion of a bonding side of the first substrate structur is 
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thus finished. 

[0054] The bonding process of first and second sub- 
strate structures wilt be described referring to Figs. 5A- 
5D. In a left part of Fig. 5A, the first substrate structure 
fabricated in the above step is depicted upside down, s 
The substrate 11 of the first substrate structure may be 
polished to a thickness of about 100 um to simplify a 
removing step of the substrate 11 to be performed later. 
[0055] A second substrate structure is fabricated by 
forming an electrode 55 of Cr/Au with a thickness of 1 io 
pan, for example, after forming a thermally-oxidized 
layer 53 on a Si substrate 51. Though not depicted in 
Figs. 5A-5D, the electrode 55 is connected to an electric 
leader wire with a pad. The thus-fabricated second sub- 
strate structure is then coated with a thermosetting is 
resin 57 containing electrically-conductive prticles 59, 
as illustrated in a right part of Fig. 5A. The conductive 
particle 59 is a Ni particle coated with Au, and its diam- 
eter is approximately 4 pm. 

[0056] The bonding between the first and second sub- 20 
strate structures is executed by bringing their electrode 
portions 31 and 55 into contact with each other and set- 
ting the resin 57 by heating it to 200 °C while applying a 
pressure of 3 kgf/cm 2 thereto (Fig. 5B). The conductive 
particles 59 sandwiched between the electrodes 31 and 2s 
55 are partly deformed and pushed into those elec- 
trodes by the heating and pressing, so that electric con- 
duction is established between upper and lower 
electrode portions. In contrast the particles 59 are float- 
ing in the resin 57 in the other portions, so no such elec- 30 
trie conduction can be obtained. 
[0057] With the thus-executed bonding, the interval 
between the first and second substrate structures is 
less than 4 urn. This value is one order smaller than that 
of the case of solder bumps (the case of Fig. 1). The 35 
device of the present invention is thus superior in its 
thermal radiation. Further, compared to the case (the 
case of Rg. 2) where electrodes are directly connected 
and its surroundings are filled with the resin, the electric 
connection can be achieved without any problem in this 40 
embodiment even if insulating dusts and the like of 
about the same diameter as that of the particle 59 are 
present Thus, the yield can be improved. 
[0058] Then, after an n-electrode 61 of AuGe/Au is 
partly deposited on the substrate 11, the substrate 11 is 45 
etched down to the etching stop layer 13 using an etch- 
ant of chloric acid series, except its outer portion. Fur- 
ther, the etching stop layer 13 is removed by an etching 
using an etchant of sulfuric acid, as illustrated in Fig. 
5C. Here, since the etching is performed over the so 
almost overall region, the etching process can be simpli- 
fied and the yield can be improved, compared to the 
case of the hole etching. Upon removal of the substrate 
11, the thickness of semiconductor layers comes to be 
about 4 jim. In this situation, the size of the bonding por- ss 
tion or a portion of the multi-layer mirror 29 is made con- 
siderably larger than the diameter of the light emitting 
region, so that transfer of stresses generated by shrink- 



age, thermal expansion and the like of the resin 57 to 
the light emitting region is made difficult. Therefore, 
characteristics of the laser would not be injured even 
when the substrate 1 1 is removed. 
[0059] A multi-layer mirror 63 of A^Qj/Si is then 
formed on the semiconductor surface exposed by the 
removal of the substrate 11 and the etching stop layer 
13 (Fig. 5D). In this case, such a formation of the mirror 
63 is equivalent to a deposition thereof on a flat sub- 
strate, so its yield can be improved compared to the 
case of a deposition thereof in a hole. 
[0060] When a 4 x 4 array of surface emitting semi- 
conductor lasers is fabricated by using the above 
method, almost no variations occur among the lasers in 
characteristics of threshold, oscillation wavelength, 
power and so forth. Each semiconductor laser is oper- 
ated by injecting a current between the common elec- 
trode 61 and a desired one of the electrodes 55 through 
the electric leader wire. 

[0061 ] In this embodiment, electrodes of an electronic 
circuit may be fomed on the second substrate structure, 
in place of the electric leader wire, and the material of 
the substrate 51 may be other than Si, for example, AIN. 
[0062] Further, though the conductive particle is the Ni 
particle coated with Au in this embodiment but the par- 
ticle is not limited thereto and may be a plastic particle 
coated with Au. The particle diameter may also be 
appropriately selected in accordance with the structure. 
[0063] Regarding the resin, ultraviolet-ray setting resin 
may be used. In this case, the substrate 51 of the sec- 
ond substrate structure is desirably a type which trans- 
mits ultraviolet rays. In addition, a resin sheet produced 
by shaping a resin containing coductive particles into a 
sheet may be inserted between the first and second 
substrate structures, and the bonding may be per- 
formed by applying pressure and heat thereto. 
[0064] Further, thermoplastic resin may be used. In 
this case, even if the positional deviation of the elec- 
trodes exists after the bonding, the structures can be 
used again by re-heating and melting the adhesive to 
pull apart the structures and clensing them with a sol- 
vent. Thus, the productivity can be improved. 
[0065] In this embodiment the n-electrode 61 is 
deposited after the bonding process, but this deposition 
may be carried out prior to the bonding process. Fur- 
ther, the active layer 1 7 may be a multiple quantum well 
(MQW) layer in place of the bulk layer. The laser struc- 
ture can also be fabricated by using a p-lnP substrata 
[0066] The materials of the multi-layer mirrors 29 and 
63 are not limited to AI2O3/S1, and SK^Si, MgO/Si, or 
the like can also be used. 

Second Embodiment 

[0067] A second embodiment of the present invention 
will be described with referenc to Rg. 6. Rg. 6 depicts 
a cross section of an array structure of surface emitting 
semiconductor lasers of the second embocfi merit In th 
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second embodiment both p-side and n-side electrodes 
are taken from the side of a second substrate structure. 
The construction of the second embodiment is approxi- 
mately the same as that of the first embodiment, and 
detailed descriptions of the sam portions ar therefore 5 
omitted. In Fig. 6, the sam elements as those in Fig. 3 
are denoted by the same reference numerals. 
[0068] In the second embodiment, a first substrate 
structure is etched such that an n-lnP spacer layer 15 is 
exposed in a portion excluding light emitting regions. In 10 
the exposed portion, an n-electrode 101 is deposited to 
obtain a contact on the n-side. Here, when both n-elec- 
trode 101 and p-electrode 27 are formed of such mate- 
rial as can cope with both polarities, Ti/Pt/Au, for 
example, those electrodes can be simultaneously is 
deposited. 

[0069] When a multi-layer mirror 29 is deposited, a 
bump 103 of the same structure as this mirror 29 is 
formed at the same time, and an electrode 105 of Au is 
formed thereon. The thus-fabricated first substrate 20 
structure is bonded to the second substrate structure in 
a manner simitar to the first embodmerrt 
[0070] Thereafter, a substrate 11 and an etching stop 
layer 13 are wholly removed, and a mufti-layer mirror 63 
is deposited on the removed portion. The second 25 
embodiment is superior to the first embodiment in that 
there is no need of leaving a region for the n-electrode 
on the side of the substrate 11 and its fabrication is 
hence further simplified. Moreover, since both the n- 
electrode and p-electrode are taken from the side of the 30 
second substrate structure, the packaging of the struc- 
ture in an IC package, for example, can be readily car- 
ried out. When an electronic circuit is formed on the 
second substrate structure, matching between the two 
substrate structures is excellent Regarcfng other 35 
points, the second embodiment is the same as the first 
embodiment. 

Third Embodiment 

40 

[0071 ] A third embodiment of the present invention will 
be descrfoed with reference to Fig. 7. Fig. 7 depicts a 
cross section of an array structure of surface emitting 
semiconductor lasers of the third embodiment. A sec- 
ond substrate structure of this embodiment is substan- 45 
tialfy the same as that of the first embodiment, and 
portions thereof are denoted by the same reference 
numerals. 

[0072] A first substrate structure of the third embodi- 
ment will be described. As illustrated in Fig. 7, a semi- so 
conductor multi-layer mirror 213 of n-AI 0 /jGao gAsAi- 
AlAs, an undoped-AI 0 gGa^As spacer layer 215 having 
a thickness of 0.11 nm, a quantum well active layer 21 7 
of undoped-lnosGaojAs/undoped-GaAs having a 
bandgap wavelength of 0.85 pm, an undoped- ss 
AI 0 6 Gao 4 As spacer layer 219 having a thickness of 
0.1 1 jim, and a semiconductor multi-layer mirror 221 of 
p-Alo.1Gao.9As/p-AIAs are grown on an n-GaAs sub- 



strate (not depicted in Fig. 7 for the substrate is 
removed later) in the named order, using MOCVD, 
MBE, CBEorthelike. 

[0073] A cylindrical light emitting region surrounded by 
an annular bump with a space therebetween is then 
formed by etching, such as RIBE. The light emitting 
region has a diameter of 25 jim, for example. The annu- 
lar bump has an inner diameter of 50 jim and an outer 
diameter of 90 \im. Though not depicted in Fig. 7, AlAs 
of the semiconductor multi-layer mirror 221 in the light 
emitting region may be selectively oxidized to form a 
current constriction structure. Then, a p-electrode 223 
of Ti/Pt/Au is deposited on the mufti-layer mirror 221 in 
the light emitting region, and a process of the bonding 
side of the first substrate structure is thus completed. 
[0074] After the thus-fabricated first substrate struc- 
ture is bonded to the second substrate structure in a 
manner similar to the first embodiment, the overall n- 
GaAs substrate (not depicted in Fig. 7) is removed and 
an n-electrode 225 of Ti/Pt/Au is deposited on a portion 
outside the light emitting regions. 
[0075] In the surface emitting semiconductor laser in 
this embodiment, the growth substrate must be 
removed because this is not transparent to the oscilla- 
tion wavelength. In this embodiment the bump is 
formed around the light emitting region with a height a 
little smaller than the cylindrical light emitting region, so 
that transfer of stresses caused by shrinkage and ther- 
mal expansion of a resin 57 to the light emitting region 
is made difficult As a result, the laser characteristics 
would not be impaired even if the growth substrate is all 
removed. Further, since the n-GaAs substrate (not 
depicted in Fig. 7) can be all removed with the second 
substrate structure acting as a support substrate, the 
process is simplified and the yield is improved. 
[0076] When a 4 x 4 array of surface emitting semi- 
conductor lasers is fabricated by using the above 
method, almost no variations occurs among the lasers 
in characteristics of threshold, oscillation wavelength, 
power and so forth. 

[0077] In this embodiment, the n-electrode 225 is 
deposited after the bonding process of the first sub- 
strate structure to the substrate 51, but this deposition 
may be made prior to the bonding process. Further, the 
active layer 217 may be a bulk layer in place of the 
MQW layer. The laser can also be fabricated by using a 
p-GaAs substrate as well. 

Fourth Embodiment 

[0078] A fourth embodiment of the present invention 
will be described with reference to Fig. 8. Fig. 8 depicts 
a cross section of an array structure of surface emitting 
semiconductor lasers of the fourth embodiment. Semi- 
conductor layers of a first substrate structure of this 
embodiment are the same as those of the third embod- 
iment and portions thereof are d noted by th same 
reference numerals. 
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[0079] The first substrate structure of the fourth 
embodiment will be descrfred. As illustrated in Fig. 8, 
after semiconductor layers are grown on an n-GaAs 
substrate (not depicted in Fig. 8 as the substrate is 
removed later), surroundings of each light emitting 5 
region ar etched in an annular shape using RIBE, for 
example The etched portion is buried with a polyimide 
301. The cylindrical light emitting region has a diameter 
of 25 urn, for example. The annular etched portion has 
an outer diameter of 50 ^m. Though not depicted in Fig. w 
8, AlAs of a semiconductor multi-layer mirror 221 in the 
light emitting region may be selectively oxidized before 
the burying with the polyimide 301 to form a current con- 
striction structure thereat Then, a circular p-electrode 
305 of TVPt/Au with a diameter of 80 \um is deposited 75 
after the insulation of a region other than the light emit- 
ting regions is made by covering the region with a SiN x 
303. The fabrication of the bonding side of the first sub- 
strate structure is thus completed. 
[0080] Regarding the second substrate structure, after 20 
a thermally-oxidized film 353 is formed on a Si substrate 
351 , an electrode 355 of Cr/Au with a thickness of 1 urn, 
for example, is formed. Etching is then performed to a 
depth of about 5 jim in a region other than the electric 
connector portion. Though not depicted in Fig. 8, the 25 
electrode 355 is connected to an electric leader wire 
with a pad. After the thus-fabricated first and second 
substrate structures are bonded to each other in a man- 
ner similar to the first embodiment, all the n-GaAs sub- 
strate (not depicted in Fig. 8) is removed, and an n- 30 
electrode 225 of TVPtfAu is formed on a portion outside 
the light emitting regions. 

[0081 ] Also in this embodiment, since the electric con- 
nector portion is considerably larger than the light emit- 
ting region, transfer of stresses due to shrinkage and 35 
thermal expansion of a resin 57 to the light emitting 
recpon is unlikely to occur. Further, since the second 
substrate 351 is beforehand etched in a non-electric- 
connector portion on the second substrate structure, 
unneeded resin can be effectively pushed out of the 40 
electric connector portion during a pressure application 
step. Furthermore, since the gap between the first and 
second substrate structures in the non-electric-connec- 
tor portion is larger than the diameter of particles 59 in 
the resin 59, the insulation can be established without 45 
fail. 

[0082] In this embodiment, electrodes of an electronic 
circuit may be provided on the second substrate struc- 
ture in place of the electric leader wire Material of the 
substrate may be other than Si, for example, AJN. Fur- so 
ther, both the p-electrode and n-eledrode may be taken 
from the side of the second substrate, similarly to the 
second embodiment Operation and so forth of this 
embodiment are the same as those of the above 
embodiments. ss 
[0083] In the first to fourth embodiments, the light 
emitting region may be formed as a light emitting diod 
(LED) by omitting the reflection mirror on the light 



takeout side. 
Fifth Embodiment 

[0084] The present invention can be applied not only 
to a surface emitting semiconductor laser but an edge 
emitting semiconductor laser such as an ordinary dis- 
tributed feeaback (DFB) laser. A fifth embodiment of the 
present invention will be described with reference to Fig. 
9. Fig. 9 depicts a perspective view of an array atructure 
of edge emitting semiconductor lasers of the fifth 
embodiment 

[0085] Initially, a first substrate structure will be 
descrfoed referring to Rg. 9. As illustrated in Fig. 9, an 
n-lnGaAsP waveguide layer 413, an undoped InGaAsP 
bulk active layer 415 having a bandgap wavelength of 
1.3 jim, a p-lnGaAsP grating layer 417, a p-lnP dad 
layer 419, and a p- InGaAsP contact layer 421 are grown 
on an n-lnP substrate 411 in the named order, using 
MOCVD, MBE, CBE, or the like. A diffraction grating 
418 is formed on the grating layer 417. 
[0086] The clad layer 419 and the contact layer 421 
are then etched in a ridge form, and p-electrodes 423, 
425 and 427 of Cr/Au are formed thereon. Finally, an n- 
electrode 429 of AuGe/Au is deposited. Antireflection 
layers (not depicted in Fig. 9) are provided on opposite 
end faces of the laser region, respectively. In this 
embodiment, an array of DFB lasers is formed, in a cav- 
ity of which three independent current injection regions 
are arranged in a light propagation direction. 
[0087] In a second substrate structure, electrodes 
453, 455 and 457 corresponding to the p-electrodes 
423, 425 and 427 are deposited on a thermally-oxidized 
layer 53 of a Si substrate 51. Though not depicted in 
Rg. 9, those electrodes 453, 455 and 457 are con- 
nected to electric leader wires with pads, respectively. 
The thus-fabricated first and second substrate struc- 
tures are bonded in a manner similar to the first embod- 
iment and the DFB laser array is thus constructed. 
[0088] Each laser is driven by injecting a current 
through the second substrate structure. In each laser, 
oscillation wavelength can be changed by controlling 
amounts of currents injected into the respective current 
injection regions. 

[0089] In this embodiment, when an adhesive 57 con- 
taining particles 59 with a diameter of 4 pm is used, the 
interval between the first and second substrate struc- 
tures comes to be less than 4 jim. Accordingly, a laser 
array with excellent thermal radiation and can be built 
with a high yield. 

[0090] In this embodiment, a MQW active layer can be 
used as active layer. Further, the DFB laser can be 
replaced by a distributed Bragg reflector (DBR) laser or 
a Fabry-Perot laser. A two-electrode structure or a sin- 
gle-electrode laser structure can also be used. 
[0091 ] As described in the foregoing, according to the 
present invention, an optical device structur , such as a 
light emitting device structure and a light detecting 
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device structure, with excellent thermal radiation can be 
readily realized. 

[0092] While th present invention has been 
described with respect to what are presently considered 
to be the preferred embodiments, it is to be understood 
that the invention is not limited to tfi disclosed embod- 
iments. The present invention is intended to cover vari- 
ous modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims. 

[0093] An optical device structure includes a first sub- 
strate structure and a second substrate structure. The 
first substrate structure includes a first substrate (11, 
41 1), at least an active region (17, 217, 415} formed on 
the first substrate (1 1, 41 1), and at least a first electric 
connector portion (27, 31, 101 , 105, 223, 305, 423, 425, 
427) provided corresponding to the active region (17, 
217, 415) for injecting a current into or applying a volt- 
age to the active region (1 7, 21 7, 415). The second sub- 
strate structure includes a second substrate (51, 351), 
and at least a second electric connector portion (55, 
355, 453, 455, 457) formed on the second substrate 
(51, 351) corresponding to the first electric connector 
portion (27, 31 , 101 , 105, 223, 305, 423, 425, 427). The 
first and second substrates (11, 51. 351, 411) are 
bonded to each other using an anisotropic electrically- 
conductive adhesive (57, 59) containing electrically- 
conductive particles (59) and having an elctrically-con- 
ductive characteristic only in a direction perpendicular 
to the first and second substrates, such that the corre- 
sponding first and second electric connector portions on 
the first and second substrates are electrically con- 
nected to each other. 

Claims 

1 . An optical device structure comprising: 

a first substrate structure, said first substrate 
structure including a first substrate, at least an 
active region formed on said first substrate, and 
at least a first electric connector portion pro- 
vided corresponding to said active region for 
injecting a current into or applying a voltage to 
said active region; 

a second substrate structure, said second sub- 
strate structure including a second substrate, 
and at least a second electric connector portion 
formed on said second substrate correspond- 
ing to said first electric connector portion; and 
an anisotropic electricaJly-conductive adhesive 
containing electrically-conductive particles and 
having an elctrically-conductive characteristic 
only in a direction perpendicular to said first 
and second substrates, said first and second 
substrates being bonded to each other by said 
anisotropic electrically-conductive adhesive 
such that said corresponding first and second 



electric connector portions on said first and 
second substrates are electrically connected to 
each other. 

An optical device structure according to claim 1, 
said second substrate structur further including at 
least one of an electric leader wire and an elec- 
tronic circuit formed on said second substrate and 
connected to said second electric connector por- 
tion. 

An optical device structure according to claim 1 or 
claim 2, each of said first and second electric con- 
nector portions including an electrode formed on a 
surface of each of said first and second substrates, 
and an uppermost surface of said electrode pro- 
truding from other portion of at least one of said first 
and second substrates such that an interval 
between said electrodes on said first and second 
substrates is smaller than an interval between said 
other portions on said first and second substrates. 

An optical device structure according to claim 1, 
claim 2 or claim 3, said uppermost surface of said 
electrode protruding from said other portion of at 
least one of said first and second substrates such 
that the interval between said other portions on said 
first and second substrates is larger than a diame- 
ter of said electrically-conductive particle. 

An optical device structure according to any one of 
claims 1 to 4, an insulating layer being provided on 
at least one of said first and second substrates 
except for regions of said first and second electric 
connector portions. 

An optical device structure according to any one of 
claims 1 to 5, said active region comprising a light 
emitting region. 

An optical device structure according to claim 6, 
said first substrate structure including a first multi- 
layer mirror, epitaxial ly-grown semiconductor layers 
including an active layer of said light emitting 
region, and a second multi-layer mirror to construct 
a surface emitting semiconductor laser for emitting 
light from a side of said first substrate. 

An optical device structure according to arty one of 
claims 1 to 7, at least a portion of said first substrate 
being removed. 

An optical device structure according to any one of 
claims 1 to 8, an area of said first electric connector 
portion being larger than an area of said active 
region. 

An optical device structure according to any one of 
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claims 1 to 9, said active region including a first pro- 
truding portion with a muttHayer mirror and an elec- 
trode of said first electric connector portion, and an 
area of said first multi-layer mirror being larger than 
an area of an active layer formed in said active $ 
region. 

11. An optical device structure according to any one of 
claims 1 to 10, said first substrate structure includ- 
ing a first protruding portion with said first electric 70 
connector portion formed corresponding to said 
active region and a second protruding portion 
formed near said active region, a height of said first 
protruding portion being larger than a height of said 
second protruding portion, said first protruding por- is 
tion being electrically connected to said second 
electric connector portion through said first electric 
connector portion, and said second protruding por- 
tion being insulated from said second electric con- 
nector portion. 20 

12. An optical device structure according to claim 11, 
said first protruding portion including a multi-layer 
mirror and an electrode of said first electric connec- 
tor portion, and said second protruding portion also 25 
including a multi-layer mirror. 

13. An optical device structure according to any one of 
claims 1 to 10, said first substrate structure includ- 
ing a first protruding portion with said first electric 30 
connector portion formed corresponding to said 
active region and a second protruding portion with 
said first electric connector portion formed near 
said active region, a height of said first protruding 
portion being substantially equal to a height of said 35 
second protruding portion, said first protruding por- 
tion being electrically connected to said second 
electric connector portion through said first electric 
connector portion, and said second protruding por- 
tion also being electrically connected to said sec- 40 
ond electric connector portion through said first 
electric connector portion. 

14. An optical device structure according to claim 13, 
each of said first protruding portion and said sec- 45 
ond protruding portion including a multi-layer mirror 
and an electrode of said first electric connector por- 
tion. 

15. An optical device structure according to any one of so 
claims 1 to 14, all or almost all of said first substrate 
being removed, and a multi-layer mirror being 
formed on a semiconductor surface exposed by the 
removal of said first substrate. 

55 

16. An optical device structure according to claim 15, 
said multi-layer mirror comprising a dielectric multi- 
layer. 



17. An optical device structure according to arty one of 
claims 1 to 15, said first substrate structure further 
including fret and second multi-layer mirrors each 
comprised of a semiconductor multi-layer epitaxi- 
al ly grown on said first substrate. 

18. An optical device structure according to any one of 
claims 1 to 6, said active region constituting an 
edge emitting semiconductor laser. 

19. An optical device structure according to any one of 
claims 1 to 18, said anisotropic electrically-conduc- 
tive adhesive comprising an insulating adhesive 
resin containing electrically-conductive particles. 

20. An optical device structure according to claim 19, 
said insulating adhesive resin comprising one of 
thermosetting resin, thermoplastic resin, and ultra- 
violet-ray-setting resin. 

21. An optical device structure according to claim 19, 
said anisotropic electrically-conductive adhesive 
comprising an adhesive paste. 

22. An optical device structure according to claim 19, 
said anisotropic electrically-conductive adhesive 
comprising an adhesive sheet 

23. An optical device structure according to any one of 
claims 1 to 22, said second substrate being made 
of a material having a large thermal conductivity. 

24. A fabrication method of an optical device structure, 
said method comprising the steps of: 

epitaxially growing layers including an active 
layer on a fret substrate; 
forming at least an active region and at least a 
first electric connector portion provided corre- 
sponding to the active region for injecting a cur- 
rent into or applying a voltage to the active 
region on the first substrate and constructing a 
first substrate structure; 
forming at least a second electric connector 
portion on a second substrate corresponding to 
the first electric connector portion and con- 
structing a second substrate structure; and 
bonding the first and second substrates to each 
other using an anisotropic electrically-conduc- 
tive adhesive containing electrically-conductive 
particles and having an elctricafly-conductive 
characteristic only in a direction perpendicular 
to the first and second substrates, such that the 
corresponding first and second electric con- 
nector portions on the first and second sub- 
strates ar electrically connected to each other. 
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